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Purpose: In pediatric patients with enuresis, the protocol for salvage therapy in patients in whom first-line therapy was not suc- 
cessful has not yet been established. Interferential electrical stimulation (IF-ES) therapy is advantageous because it is noninvasive 
and shows high compliance. We aimed to investigate the efficacy and safety of IF-ES therapy on pediatric enuresis in a pilot study. 
Methods: We investigated 10 patients who underwent IF-ES therapy between August 2012 and March 2013 at our clinic. Patients 
with a history of previous treatment with desmopressin and anticholinergic agents for at least 3 months and those in whom alarm 
treatment previously failed or was refused by parents were eligible. Electrical current was given starting at approximately 20 mA 
and was increased until the patient complained of discomfort. Treatment was performed once a week, 20 minutes per treatment, 
6 times per cycle. After each cycle, an interview was performed and voiding diaries were filled. The physician in charge evaluated 
improvement according to the International Children's Continence Society criteria. 

Results: A final analysis was performed in 10 patients (5 male and 5 female patients) in whom therapy for nocturnal enuresis had 
failed. Eight patients had nonmonosymptomatic enuresis and 2 had monosymptomatic enuresis. The mean age of the patients 
was 8.5 ±2.4 years, and the mean number of treatments was 10.6 ±3.6 times. A full response was observed in 1 patient (10%); a 
good response, in 1 patient (10%); a partial response, in 7 patients (70%); and no response, in 1 patient (10%). 
Conclusions: Our study demonstrated that IF-ES therapy can be a promising treatment for the future, is safe, and can benefit 
from appropriate clinical trials in carefully selected groups. IF-ES therapy is expected to be a safe and effective treatment modal- 
ity for children with enuresis. 
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INTRODUCTION 

Enuresis is defined by the International Children's Continence 
Society (ICCS) as loss of discrete amounts of urine during sleep 
in children older than 5 years [1] . Enuresis in children is gener- 
ally benign but can cause emotional stress to children and their 
parents [2] . The incidence of enuresis in Korean children has 
not yet been reported; however, Lee et al. [3] reported that the 
incidence of enuresis in the Pusan province of Korea was simi- 
lar to that in European children (12.8%). In Seoul National Uni- 
versity Children's Hospital, we often encounter children with 
enuresis, and some do not show symptom improvement with 
conventional treatment. 



Corresponding author: Kwanjin Park 

Department of Pediatric Urology, Seoul National University Children's Hospital, 
101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea 

Tel: +82-2-2072-0695 / Fax: +82-2-742-4665 / E-mail: urodori@naver.com 
Submitted: July 20, 2013 / Accepted after revision: September 26, 2013 



Nocturnal enuresis (NE) can be classified as monosymptom- 
atic enuresis (MNE) and nonmonosymptomatic enuresis 
(NMNE) according to the ICCS [4,5]. MNE is defined as en- 
uresis in children without any other lower urinary tract symp- 
toms (LUTS), and NMNE is defined as enuresis in children with 
LUTS and with a history of bladder dysfunction. The treatment 
for NE is identical in both MNE and NMNE, although in NMNE, 
underlying bowel symptoms and LUTS require treatment be- 
fore treatment of NE. The treatment protocol for NE recom- 
mended by the ICCS is initially lifestyle modification, followed 
by alarm treatment, and pharmacotherapy that includes des- 
mopressin, anticholinergic agents, and tricyclic antidepressants. 
The response related to desmopressin treatment is assessed 
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within 1 to 2 weeks, and when a response is shown, it is admin- 
istered for 3 months. Improvement or remission is then deter- 
mined, and physicians decide whether desmopressin should be 
given daily or occasionally [4] . In patients who do not respond 
to such therapies, further evaluation is necessary; however, no 
specific guidelines have been established. 

As for salvage treatment, the ICCS recommends re-evalua- 
tion and repeat pharmacotherapy for MNE; electrical stimula- 
tion (ES) is a modality recommended for patients with NMNE. 
ES has been widely investigated as an alternative treatment 
method for LUTS in children [6]. Sacral transcutaneous electri- 
cal nerve stimulation (TENS), endoanal, anogenital, posterior 
tibial nerve stimulation, and sacral implants have been per- 
formed. Such ES methods affect neuroplasticity and affect mod- 
ulation of synapses. ES therapy recovers denervation of muscle 
fibers and neural reconditioning [7] . Parasacral TENS (PTENS) 
has been proved to be effective in the treatment of NMNE [8]. 
De Oliveira et al. [9] recently proved the efficacy of PTENS for 
MNE in a randomized controlled trial. Interferential ES (IF-ES) 
is a noninvasive modality first reported in 1987 by Emmerson 
et al. [10] in the treatment of detrusor instability IF current 
produces a 4-kHz carrier frequency current with a sinusoidal 
waveform with four surface electrodes. IF therapy offers an al- 
ternative, noninvasive method of treatment [11]. Kajbafzadeh 
et al. [12-14] reported that IF-ES is effective for children with 
myelomeningocele with incontinence, neurogenic bowel dys- 
function, and detrusor overactivity 

Based on such data, we aimed to investigate whether IF-ES is 
effective for pediatric patients with enuresis in whom pharma- 
cotherapy failed. 

MATERIALS AND METHODS 

We investigated 10 patients who underwent IF-ES at our insti- 
tution between August 2012 and March 2013. These 10 children 
(age, 6-12 years) had either MNE or NMNE, and patients with 
NMNE were those with enuresis and LUTS and a history of 
bladder dysfunction. The inclusion criteria were as follows: no 
improvement despite treatment with desmopressin and anti- 
cholinergic agents for at least 3 months, no improvement with 
previous alarm treatment, or refusal of alarm treatment. Medi- 
cal history and baseline voiding diaries were obtained. Although 
medication was not effective, it was maintained during IF-ES 
treatment therapy and was discontinued when enuresis im- 
proved. 



The IF-ES was performed at an outpatient basis. A total of 
four surface rectangular electrodes (2.5 cm x 3.5 cm) producing 
sinusoidal currents were attached after cleaning the skin of each 
site with alcohol swabs. Two of these electrodes were attached 
to the lower abdomen below the costal margin, and two were 
located on the back over the muscles between T9 and L2 as de- 
scribed in previous studies [11,13]. Electrical current was given 
starting at approximately 20 mA and was increased until the 
patient complained of discomfort. When the patient experi- 
enced discomfort, the Hz of the IF-ES was not decreased, but 
the electrical current strength (mA) was decreased until a toler- 
able level was achieved. The IF-ES protocol of the device was set 
at the 4-pole vector mode central wave (Gymna Duo 200, Ap- 
sun Co., Seoul, Korea). Treatment was performed once a week, 
20 minutes per treatment, 6 times per cycle. After each cycle, an 
interview was performed and voiding diaries were filled. 

The physician in charge evaluated improvement according to 
the ICCS criteria. Treatment outcome, using the ICCS defini- 
tions, was defined as nonresponse (0-49% decrease), partial re- 
sponse (50-89% decrease), good response (90% or greater de- 
crease), and full response (100% decrease or less than 1 symp- 
tom occurrence monthly). Such improvement was evaluated by 
the number of episodes of enuresis on voiding diaries. 

A descriptive analysis was performed with the independent 
t-test method. A Mann- Whitney U-test was performed using 
IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). A P<0.05 
was considered to be statistically significant. This study was ap- 
proved by the Institutional Review Board of Seoul National 
University Hospital. 

RESULTS 

The 10 patients who underwent IF-ES were analyzed. Eight pa- 
tients had NMNE and 2 had MNE. The demographics of these 
10 patients were as follows: The mean ± standard deviation age 
of the patients was 8.5 ±2.4 years. Five patients were male, and 
5 were female. The mean number of treatment was 10.6 ±3.6 
times, and the strength of the electrical current was 24.4-40.4 
mA (Table 1). Based on the decrease in number of wet nights in 
the previous 28 days compared with the baseline symptom fre- 
quency at the start of the training, we evaluated the response of 
treatment according to the ICCS criteria. Full response (100% 
decrease or less than one symptom occurrence monthly) was 
observed in 1 patient (10%); good response (90% or greater de- 
crease), in 1 patient (10%); partial response (50-89% decrease), 
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in 7 patients (70%); and no response (0-49% decrease), in 1 pa- 
tient (10%). Before treatment, 7 patients showed daytime uri- 
nary incontinence; 2, daytime urinary frequency; and 2, showed 
encopresis. Five patients continued pharmacotherapy during 
IF-ES, and 5 (50%) stopped taking medication because symp- 
toms improved. Three patients (30%) showed a decrease in 
daytime urinary frequency, and 3 patients (30%) showed an in- 
crease in daytime maximal bladder capacity The mean dura- 
tion of pharmacotherapy was 23.8 ± 7.9 months. Two patients 
who complained of encopresis prior to treatment reported 
slight improvement after cessation of treatment, although the 
degree of improvement was not objectively evaluated. 

A comparison between NMNE and MNE groups was made 
(Table 2). The pretreatment and posttreatment numbers of day- 
time voids were higher, and the pretreatment and posttreat- 
ment number of NE episodes was lower in the MNE group, al- 
though the differences were not statistically significant. 

Both pretreatment and posttreatment parameters were com- 
pared (Table 3). The mean daytime maximal bladder capacity 
(MBC), which was calculated using the voiding diary maximal 
voided volume, showed an increase after IF-ES, although the 
increase was not statistically significant (P = 0.210). The mean 
daytime bladder capacity also calculated by using the voiding 
diaries increased from 126.5 ± 35.1 mL to 163.5 ± 61.4 mL after 
treatment, and the improvement was statistically significant 
(P = 0.026). The daytime number of voids showed a small de- 
crease after treatment; however, the decrease was not statistical- 
ly significant (P = 0.868). As for the frequency of enuresis per 
week, the number of episodes decreased from 6.2 ± 3.3 times 
per week to 2.4 ± 1.5 times per week, and the decrease was sta- 
tistically significant (P = 0.001). 

Factors affecting the treatment outcome were analyzed (Table 
4). Age, pretreatment daytime MBC, pretreatment daytime 
number of voids, pretreatment number of enuresis/week, total 
number of treatment sessions, and voltage (mA) per treatment 
showed no statistically significant correlation. 

All the patients received therapy without cessation until it was 
stopped by the physician. Pain was tolerable in all the patients, 
and no skin problems or physical discomfort were reported. 

DISCUSSION 

In pediatric patients with enuresis, salvage treatment after fail- 
ure of first-line therapy has not yet been established. In patients 
with NMNE, anticholinergic agents, botulinum toxin A, cen- 
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Table 2. Comparison 
(MNE) groups 



between nonmonosymptomatic nocturnal enuresis (NMNE) and monosymptomatic nocturnal enuresis 



Parameter 


NMNE (n = 8) 


MNE (n = 2) 


P-value a) 


/\ge ^yr; 


8 0+14 




0.733 


IVlCUlCaLlUll UUIdllUll ^lllU^ 


It 0+ 1 ? 7 


ZD. J ZL. / . D 


0.825 


Prpfrpafmpnf avpraop Rf~" (ml l 

JT ICLlCtlLlllCllL tlVCl "lit- _L>V_i J 


16? 5 + 53 0 


1 17 5 + ?6 8 

J. 1 / . ~> _!_ Z.VJ. O 


0.107 


Post-treatment average BC (mL) 


192.0 ±67.9 


156.3 ±62.5 


0.495 


Pretreatment daytime MBC (mL) 


220.0 ±0.0 


177.5 ±60.9 


0.373 


Post-treatment daytime MBC (mL) 


260.0 ±56.6 


201.3 ±66.6 


0.289 


Pretreatment number of voids/day 


5.5 ±0.7 


7.8 ±2.7 


0.297 


Post- treatment number of voids/day 


4.5 ±0.7 


7.9 ±2.4 


0.097 


Pretreatment NE episodes/wk 


7.5 ±5.0 


5.9 ±3.2 


0.568 


Post-treatment NE episodes/wk 


1.5±0.7 


2.7±1.6 


0.372 


Number of IF-ES sessions 


7.0 ±0.0 


11.5 + 3.5 


0.117 


Average voltage (mA) per IF-ES treatment 


24.8 ±0.5 


29.6 ±4.7 


0.200 


Values are presented as mean ± standard deviation. 

BC, bladder capacity; MBC, maximal bladder capacity; NE, nocturnal enuresis, IF-ET; interferential electrical stimulation. 
a) Analyzed by independent sample t-test. 




Table 3. Pretreatment and post-treatment effect analysis (n 


= 10) 






Parameter 


Pretreatment 


Post-treatment 


P-value a) 


Daytime maximal bladder capacity (mL) 


183.8 ±56.6 


213.0±66.5 


0.210 


Daytime average bladder capacity (mL) 


126.5 ±35.1 


163.5 ±61.4 


0.026 b ' 


Daytime number of voids/day 


7.3 ±2.6 


7.2 ±2.6 


0.868 


Number of enuresis episodes/wk 


6.2 ±3.3 


2.4±1.5 


0.001 b ' 



Values are presented as mean ± standard deviation. 
"'Analyzed by paired t-test. b 'P < 0.05 

trally active medications such as imipramine, and prostaglan- 
din synthesis inhibitors and prostaglandin receptor antagonists 
can be prescribed to decrease bladder overactivity. Advanced 
urotherapies such as biofeedback and ES are also recommend- 
ed as salvage modalities [3]. 

The mechanism of ES has not yet been proved; however, 
most studies report that afferent sacral nerve stimulation causes 
an interneuronal change of the spinal reflex, which induces an 
inhibitory stimuli in the bladder efferent nerve [15]. However, 
consensus has not been reached concerning the precise mecha- 
nisms, and despite multiple efforts to examine the efficacy of 
such salvage treatment methods using ES, no gold standard 
method has been established, which causes frustration to the 
physician and patients and family members. 

In our study, the primary outcome was safety, the secondary 
outcome was tolerability, and the tertiary outcome was efficacy. 



Although Satter [16] reported that irritation or contact derma- 
titis after IF-ES commonly occurs, neither condition occurred 
in our case. Proper electrode use and skin contact are also im- 
portant to prevent electrical burns. Based on these study goals, 
that no adverse effects were reported was an indication that the 
results were satisfactory. That no patients discontinued therapy 
and completed all required sessions seemed to be an indicator 
of tolerability. That 7 patients (70%) showed improvement in 
daytime urinary incontinence was a promising finding of our 
study. Considering that the efficacy of IF-ES on pediatric uri- 
nary incontinence has already been reported [14], such treat- 
ment benefits are attractive merits for patient and parents. An 
increase in daytime MBC in 3 patients (30%) was also a prom- 
ising finding. 

In addition, the improvement of encopresis in 20% of the pa- 
tients is an additional benefit in patients with neurogenic bowel 
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Table 4. Factors affecting the outcome of interferential electrical 
stimulation (n = 10) 

Parameter P-value a) 
Age 0.659 



Pretreatment daytime MBC 


0.750 


Pretreatment daytime number of voids 


0.500 


Pretreatment number of enuresis/wk 


0.250 


Total number of treatment sessions 


0.500 


Voltage (mA) per treatment 


1.000 



MBC, maximal bladder capacity. 
a) Analyzed by Mann Whitney U-test. 



symptoms. Queralto et al. [17] reported that interferential ther- 
apy is effective in the treatment of slow transit constipation and 
has less complications and is less expensive than sacral neuro- 
modulation. Chase et al. [11] reported that when performing 
IF-ES in patients with urinary incontinence, an increase in bow- 
el motility and fluid balance change occurred, suggesting the 
therapeutic value of both bowel and urinary symptoms after IF- 
ES. 

This study has a strong advantage of being the first pilot study 
on the safely, tolerability and efficacy of IF-ES in Korean pedi- 
atric patients with enuresis. Based on the results, IF-ES may be 
an applicable salvage modality, although the efficacy should be 
investigated in detail, especially in comparison with conven- 
tional methods such as TENS. For neurologically normal pa- 
tients who do not response to pharmacotherapy for behavior 
therapy, TENS has been reported to be effective [18], and we 
expect that IF-ES will also be effective but with fewer adverse 
effects. 

Despite such positive results, this study has some limitations. 
First, it was a short-term study, and second, because it was a pi- 
lot study, the sample size was relatively small. Due to the limited 
number of patients, a more detailed analysis of correlation 
among parameters was not possible, and a comparison between 
NMNE and MNE groups also had limitations. In addition, in 
patients with NMNE, underlying bowel symptoms and LUTS 
were not treated or evaluated with objective parameters, which 
should be supplemented in future studies. Another limitation 
was that considering the correlation with risk of skin burns, 
body mass index evaluation might prove to be valuable in fu- 
ture studies [19,20]. Another potential limitation, which is not 
unique to our study, is the possibility of spontaneous resolution 
of symptoms, which should require randomized prospective 
studies to eliminate possible confounding variables [21]. An- 
il ttp://dx.doi.org/l 0.521 3/inj.201 3.1 7.3.1 39 



other limitation is that due to the continuation of medication in 
some patients, there was a possibility that pharmacotherapy 
might have affected the outcome of IF-ES. However, an objec- 
tive analysis was not possible in our study. 

Although several studies have reported the safely and effica- 
cy of IF-ES for LUTS [6,12,14,22] and enuresis [8,9] in children, 
IF-ES is not yet practiced in Korea. The reasons appear to be 
the limited knowledge of the modality, insufficient trained 
manpower for this outpatient procedure, and cost problems. 
Another potential limitation of ES is that long-term follow-up 
data are not available, and Hoebeke et al. [23] reported a high 
failure rate of 44% 1 year after cessation of ES. Kang et al. [24] 
reported that because the neural development of children is im- 
mature, IF-ES treatment could achieve neuromodulation that 
could lead to improvement of LUTS. Considering these results, 
long-term studies are necessary in the future. 

Based on the results of this pilot study, we are planning a 
prospective study with a larger number of patients and longer 
follow-up to investigate the efficacy and safely of IF-ES in pa- 
tients with NE. Based on our research, we may provide valuable 
information about IF-ES, which may help establish guidelines 
for salvage therapy and aid clinical practice in the future. 
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